WO 2011/ 157335PCT/ EP2011/ 002427 Cross-linking and Milti-phase Etch Pastes
for H gh Resolution Feature Patterning TECHNI CAL FI ELD The present

i nvent i orWOebHIE%3360 a novel etching nedia in the form @CTHEPROMLANIT
honbgeneous et ching pastes with non-Newtonian flow properties for the

I nproved etching of inorganic oxides and silicon surfaces and which 10al | ow
to prepare smaller features. BACKGROUND OF THE DI SCLOSURE Today's

phot ovol tai c systens are predom nantly based on the use of crystalline
silicon, thin-filmand ¢oncentrat or,,phot ovol t aj hnel Qad €s,,.15 I n the
near past technol @JP&S'{;HQ%M‘?tmgh@'ﬂ'ﬁ@?ebagiﬁhaggdﬁgggd’rf 'Glr'gg'i npl i fyi ng
processes for producing el eResolutioty Eeature RPatterninl resol ution in

sem conduct or devices. Especially the devel opnent of etching pastes, which
are suitable to be applied by direct printing onto the surface areas to
20be etched sinplifies the structuring process, because the application of
protecki ve r FEOHNEGAL FlBhDar eas, which shal | remain untouched during the
etching process, may be left out. Said new etching conmpositions may be
printed w th+hi ' i tGh: ed under

t he brand |oageﬁi}?§§§t§bv%¢§?&” ﬁ?fg@sﬁ%ﬁ#@v%fﬁé\é@ﬁinﬁ@&%j@f@%?‘?{gﬁsageen

devel oped by pdbtabie romaaeseapaaiching @RstﬁngIWam@@J\%vﬁgnmﬁmMpfmme%s down
to 40 m Cron?ortme@mé%\yé‘d ¥tcHing BPRRIGANE oNRIRQHY sillESHS Sulh&dY BAd Hmém

offer a.low cost and environ n{egll favourabl e alternative to the
tradi tignal %@Wé@@r%?@nsmégg'i t‘b%‘rét ol i t hographi ¢ resist masking foll owed
by batﬂ etching. 30In the past several patents and patent applications were

publ i shed ( HACKEROINEPOF PHE DISAQAMSUREL8759 A, US2005/ 0247674 A, US
2003/ 0160026 A and Us 200370119332 Al'), which discl ose etching

ral | eat ur 398y S HRROTHIAIC RS St Bopr Sediueiad endha iR 3aar o -

crystalline silicon, thin-film and concentrator photovoltaic technologies.

15
In the near past technologies and compositions have been developed for

simplifying processes for producing electronic structures with high resolution
in semiconductor devices. Especially the development of etching pastes,
which are suitable to be applied by direct printing onto the surface areas to
20 be etched simplifies the structuring process, because the application of
protective resin layers on areas, which shall remain untouched during the
etching process, may be left out. Said new etching compositions may be
printed with high resolution. Applicable etching pastes are traded under the
brand logo Isishape ® This family of etching pastes has been developed by
25 the German company Merck for patterning etched features down to 40
microns by a variety of deposition methods. These etching pastes offer a low
cost and environmentally favourable alternative to the traditional methods
which require photolithographic resist masking followed by bath etching.

30 In the past several patents and patent applications were published ( US
2004/0242019 A1, US 2006/0118759 A1, US2005/0247674 A1, US
2003/0160026 A1 and Us 2003/0119332 A1), which disclose etching
compositions, but none of the compositions is suitable for the etching of
small features of less than 40 um.
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OBJECTI VE In the |Isishape(r) etching process a specially fornul ated etching
paste is deposited onto a substrate only where the etching is desired.
After thewbebthismpsi s conpl ete, the etching paste and tReTaPeH@dRl eri al
are washed away. Additionally in sonme etch processes there is a heating
step required to activate the etching pate. Fornulating etching pastes for
hi gh resol uti on deposition processes poses a particularly difficult

probl em because of two conpeting issues. The paste nust be sufficiently
non-vi scous so as to 10enable the fine feature formati on. However, the
paste nust bOBIEGEWNWEent|y viscous such that the pattern of the deposited
paste is not conpron sed by seepage of the etching paste into areas where
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et ween _abou - 0 n e accor ent invention
conpri 9@ rmnGFﬁiY?’é‘? enigagirey g%gaﬁ'l’t@etﬁﬁﬁ IS %88@@?@@?"1"@@?'% group: ol efin,
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Isnshape etching process.

20 BRIEF DESCRIPTION OF THE INVENTION

The object of the present invention is a new class of etching paste
compositions which is suitable for the etching of silicon, silicon dioxide,
indium tin oxide, or further inorganic surfaces comprising components

25 suitable for the encasing of a contained etchant, whereby the encasing of the
applied etching composition is induced by irradiation with light, heat or
another energy source. A special configuration of the invention is that the
encasing of the etching composition is induced after application onto a
surface to be etched whereas simultaneously the etching step is activated.

30 The components suitable for the encasing are present in a concentration of
between about 1 - 70%, preferably in a concentration of between about 1 -
50%, especially preferred in a concentration of between about 5 - 20%.
Etching paste according to the present invention comprise monomer(s)
and/or crosslinker(s), selected from the group: olefin, diene, acetylene,

35 acrylate, methacylate, acrylamide, acrylonitrile, vinyl acetate or other vinyl,
styrene, and thiol (di, tri, etc) which may be contained as such or as



styrene, and thiol (di, tri, etc) which nmay be contai ned as such or as WO
2011/ 157335PCT/ EP2011/ 002427 3 _ m xtures. To obtain the encasing according
to the irWwenbiigis7iie conposition conprises a UV/thermal PCRiEPREIO042Whi ch is
conpatible with the conprising nononer(s) and/or crosslinker(s).
Particularly good etching results are achieved because the etching paste
conprises two or nore phases, which 5are stabilized by a surfactant in a
concentration sufficient for stabilization these two or nore phases. Said
surfactant is present in the etching paste according to the invention in a
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which are suitable I'i con
20 Comprising inorganic nanopartlcles may be selected from the group fumed

silica, carbon black, or a combination of them may be contained. Suitable
etchants for the inventive composition are phosphoric acid, ferric chloride,
oxalic acid, tartaric acid, hydrofluoric acid, sulphuric acid, nitric acid, acetic
acid, or a combination thereof.
25
Object of the invention is also a method for the etching of silicon, silicon
dioxide, or indium tin oxide surfaces, which is characterized in that the
etchant is encased to form a gel after the application of the etching
composition onto the surface to be etched. The encasing of the etchant is
30 induced by irradiation with light or heat and /or by temperature-induced
removal of a comprising solvent from a two- (or more) solvent system.

DETAILED DESCRIPTION OF THE INVENTION

35 As described above the object of the present invention are new etching
paste compositions, which are suitable for the etching of silicon, silicon



WO 2011/ 157335PCT/ EP2011/ 002427 4 di oxi de, indiumtin oxide, or further

I norgani ¢ surfaces conprising conponents suitable for the encasing of
cont ai nedWet20Harn7335The pastes of the present invention ®&H/EP201GHE2I27
separately or in conjunction, and are capabl e of achieving sub-40 m cron
etching. In a first enbodiment, the Sinvéhtion is directed to a
cross-linkable class of pastes conprising conponents that enable
irradiation-induced encasing of the etchant with Iight or heat.
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syst em20 OXIde or hydrofluoric acid for silicon dioxide, a hydrogel is formed. For

organic-phase etchants, an oleogel is formed. In both cases, the paste
composition comprises monomer(s) and/or crosslinker(s), selected from the
group olefin, diene, acetylene, acrylate, methacylate, acrylamide,
acrylonitrile, vinyl acetate or other vinyl, styrene, and thiol (di, tri, etc), which
25 can be contained as such or as mixtures. The polymerization of these
monomers may be initiated by a comprising UV or thermal initiator, which is
compatible with the comprising monomer(s) and/or crosslinker(s). The
polymerization can be free radical, anionic, cationic, a mixture of these, or a
condensation or metal-catalyzed polymerization. In a preferred embodiment
30 the encasing of the etchant to form a hydrogel is performed after the
application of the etching composition onto the surface to be etched. The
encasing step may be induced by irradiation with light or heat. In a special
embodiment of the invention the encasing step of the etchant to form the
hydrogel can be induced by temperature-induced removal of a solvent from a
35 two- (or more) solvent system.



WO 2011/ 157335PCT/ EP2011/ 002427 -5 The nul ti-phase pastes contain at | east
one surfactant in addition to the etchant. The surfactant can be

hydr ophi IWO-2011¢68p3351 i c, such as Span(r), Tweene, Brij (r PCTdPa011/002427

hydr ophi lic-fluorophilic, such as Zonyl (r), or ol eophilicfluorophilic, such
as hydrocarbon-fl uorocarbon chains. The-dtchant can be in 5either the inner
or outer phase but is preferentially in the outer phase. Wth the etchant
in the outer phase, the surfactant is added above the critical mcelle
concentration (CMC) of the system The resulting mcelles serve as
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down to m crons an I N near y unchange ter printing with
t he result, visqosibt @h'é@n¢€?rﬁes and features show nearly the sanme resol utions
as the pri nt ed feature. Another aspect of the present invention is the

devel o new etc aste rmul ations, in chem cal or
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present invention may also be applied for the etching of features > 40 ym.

15 But even here the compositions according to the invention led to improved
etching results, for example an improved edge definition was found.

Series of experiments led to the development of a new etching paste

formulation, which may be printed with feature sizes down to 10 microns and
20 which remain nearly unchanged after printing with the resuit, that etched

lines and features show nearly the same resolutions as the printed feature.

Another aspect of the present invention is the development of new etching
paste formulations, in which
25 1. chemical or physical changes of properties are directly initiated following
the deposition of the etching paste onto the surfaces and/or
2. a multi-phase system is built for viscosity enhancement.
In a first embodiment, the resulting gel effectively encases the etchant and,
in turn, prevents seepage of the etchant into surrounding regions.
30
For a first embodiment, examples of enabling materials include polymeric
materials, initiators, and inhibitors, which gel the etching paste at a controlled
rate through chemical crosslinking initiated by irradiation, especially by light
or heat. This approach is not limited to a chemical crosslinking. For example,
35 temperature-induced removal of a solvent from a two- (or more) solvent



30 For a first enbodi ment, exanples of enabling materials include polyneric
materials, initiators, and inhibitors, which gel the etching paste at a
cont r ol | SN0n28t1815f33Fough chem cal crosslinking initiatedPEY/EPRYIAGDHRT on,
especially by light or heat. This approach is not limted to a chem cal
crosslinking. For exanple, 35tenperature-8nduced renoval of a solvent from
a two- (or nore) solvent WO 2011/ 157335PCT/ EP2011/ 002427 6 system may
precipitate out a polyner that serves to cage the etchant simlarly to the
gel described above. The formul ati on nmust be bal anced to create an

encapsul at i oBYSIEM MaYSRIeRinigte patadopenthat parvesite cagrdhgatehantsuf fi ci ent

nobi ity of Eipgifhctoithe dgedeledctibe@bbeoéi vel y contact the surface for
conpl ete etching. "Also, the etchant nust be fornulated in such a way that

the gel encapsul ation takes place after deposition to avoid cl ogging or
ot her del et eTheusrmiifatichsnost bdbathepeditd icosate an gmeEpsuldtdnlofdheietasihgy t he

chosen.conposi tjo e . N ed B enc ,

Wi oh Sre Supealsatg aF e SRk SR SN hESANES R ANGd PERERL i
oxi de, or fueffaetivalnoogtact the gufface for mRIetaeichindh£so.ghewichamanustui t abl e
etchants for i t 51%5.; i é’rﬁtqfd% i L :

15chl ori de, gégﬁféuﬁﬁ?ﬁ/t@%@?ar! C g’??@"@ﬁghr of | ugﬁt?ﬁat%lﬁggpls%ﬁ f&?rl c acid,
nitric acid, dgpesitiendeiayoichelogainsi erethendeletriiqust effegte opribg slarosHioss

et chi ng corrp@agﬂ,tnse,ﬂfrpl oyed is in a concentration range of 2 - 55% by
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The proportion of etching components employed is in a concentration range
of 2 — 55% by weight, preferably 5 — 50% by weight, based on the total

20 weight of the etching paste. Particular preference is given to etching media in
which the etching components are present in an amount of 10 — 50% by
weight. Particularly suitable are etching media in which the etching
component(s) is (are) present in an amount of 25 — 50% by weight, based on
the total weight of the etching paste, since etching rates found for etching

25 media of this type and semiconductor elements facilitate treatment with high
throughput. At the same time, these etching pastes show high selectivity for
the surface layers to be etched.

The etching formulation requires at least one etchant suitable for inorganic
30 surfaces, which may or may not be temperature sensitive, at least one
UV/thermal-curable monomer and/or crosslinker, selected from the group
olefin, diene, acetylene, acrylate, methacylate, acrylamide, acrylonitrile, vinyl
acetate or other vinyl, styrene, and thiol (di, tri, etc), which can be contained

as such or as mixtures.
35
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ol efin, dwverneill/&cssyl ene, acryl ate, nethacyl ate, acryl arci&P2@anyisenitrile,
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be contained as such or as mixtures. WOR011/157335PCT/ EP2011/ 002427 -7

In this first enbodi nent the nononer concentration is between about 1 -
70% preferably about 1-50% and nost preferably between about 5 - 20% The
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per f | uor obut anbent tomaluee theKgimateorz ehmicelles in the paste, which enhance
viscosity. The micelles can function as organic nanoparticles that enhance

20 viscosity in a manner similar to inorganic nanoparticles, but without
detrimental effects on durability that are associated with inorganic
nanoparticles. The surfactants can be from one or more of the following
classes: hydrophilic-oleophilic, hydrophilic-fluorophilic, and oleophilic-
fluorophilic. Surfactants containing hydrophilic moieties can be cationic,

25 anionic, zwitterionic, or non-ionic. Potential surfactants include alkyl sulfates:
ammonium lauryl sulfate, sodium lauryl sulfate (SDS); alkyl ether sulfates:
sodium laureth sulfate, also known as sodium lauryl ether sulfate (SLES),
sodium myreth sulfate; sulfonates: dioctyl sodium sulfosuccinate,
perfluorooctanesulfonate (PFOS), perfluorobutanesulfonate; alkyl benzene

30 sulfonates; phosphates: alkyl aryl ether phosphate, alky! ether phosphate;
carboxylates; alkyl carboxylates: Fatty acid salts: sodium stearate, sodium
lauroy! sarcosinate; perfluorononanoate, perfluorooctanoate (PFOA or PFO);
octenidine dihydrochloride; alkyltrimethylammonium salts: cetyl
trimethylammonium bromide (CTAB), cetyl trimethylammonium chloride

35 (CTAC); cetylpyridinium chloride (CPC); polyethoxylated tallow amine
(POEA); benzalkonium chloride (BAC); benzethonium chloride (BZT); 5-
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t hese parti clpetypropylenaghsod like Eolmianherdi ameters in the range of about 5 -
500 nm nore 30 preferably in the range of about 10 - 300nm but very
preferred in the range of about 20 - 100 nm Most preferably funed silica
and/ or 28ar born bbarekemboginentsaddaufactant amprasend reawancentratinx ef abpyt W t h

greatly inpreged O;Sr%?éIbbe ofl dbRAAMR) L8GRALAB MSat dra%ra@wtauau% 16aneeRtgAL i on
is in the range bout 1 - 70% preferably of about - 50% and nost

preferably oWei®¥ut 5 - 40% by 35wei ght .

The invention covers the use of either embodiment independently or both
25 independents used together.

To increase paste thixotropy in either embodiment alone or in a combined
embodiment, inorganic particles may be added. Preferably, these particles
are nanoparticles with diameters in the range of about 5 - 500 nm, more

30 preferably in the range of about 10 — 300nm, but very preferred in the range
of about 20 — 100 nm. Most preferably fumed silica and/or carbon black is
(are) added for an improvement of thixotropy with greatly improved results.
In some embodiments, the particle concentration is in the range of about 1 -
70%, preferably of about 1 - 50%, and most preferably of about 5 - 40% by

35 weight.



WO 2011/ 157335PCT/ EP2011/ 002427 9 - The particle sizes, of both the

I norgani ¢ and organi c polynmer particles, can generally be determ ned using
convent i ov@l2ometshisds. For exanple, the particle size carCh&Erlat®nnzned by
means of particle correlation spectroscopy (PCS), with the investigation
being carried out using a Malvern 5Zetasi%zer in accordance with the

i nstruction manual. The dianeter of the particles is determned here as the
d50 or dso value. The particle dianeters indicated are preferably quoted as
d50 val ues. 10The particle dianeters can generally be determ ned by neans
of laser dif ffmonargﬁlecsjm,r@d)qmtﬂﬁﬁ HHYORRE adPrganic patymeR Partigies. GaN aser
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diffraction Lhgehitd 48l srBrddbRAGRStea sy WRless el ectromagnetic field

t ' Obase

equation. This eory i's on two assunptions. Firstly, it is assuned
that the particles to be nmeasured are spherical, but this only really
applies to few particles. The neasured | aser diffraction is used to

cal cul af.e t h&heopantieleodiapreteisctars geSeradpdieydetdimined pameackeofdasgrensi ons

d. : ' t] i.Zesiin th
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t he brochur e shopednicca piaglitle staud distripgtedn 2 ranspa@nt gasi fersxampie@dds”, DLS
t echﬂi cal note w:ﬁ%@:r%afct e I‘r&ﬁti’ﬁﬁtﬁ s'rﬁh!(;FﬂSéHﬁE[étsfreﬁbét-i?]d' fiee W@méait@f e size
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which is based on Maxwell's electromagnetic field equation. This theory is
based on two assumptions. Firstly, it is assumed that the particles to be

20 measured are spherical, but this only really applies to few particles. The
measured laser diffraction is used to calculate the volume of particles.
Secondly, dilute particle suspensions are assumed. The method usually
used to determine particle sizes in the nano range by dynamic light

o5 scattering is described in greater detail in the brochure "Dynamic Light

Scattering: An Introduction in 30 Minutes®, DLS technical note, MRK656-01
from Malvern Instruments Ltd.

The particle size in the nanoparticulate range can also be determined with
the aid of scanning electron photomicrographs (SEM photographs). To this

30 end, particle-containing emulsions can be prepared and applied to a suitable
surface in an extremely thin layer in a spin-coating process. After
evaporation of the solvent, SEM photographs are taken and the particle
diameters recorded are measured. The relative particle diameter of the
measured sample is determined by statistical evaluation. Standardised

35 methods for determining particle sizes and devices suitable for this purpose
are described in 1ISO 13321, Methods for Determination of Particle Size



35nmet hods for determning particle sizes and devices suitable for this
purpose are described in I SO 13321, Methods for Determ nation of Particle
Size WOWORMIIB7B35PCT/ EP2011/ 002427 - 10 - Distri buti @0TEX2118024Phot on
Correl ati on Spectroscopy, International O ganisation for Standardi sation
[(1SO) 1996 (First Edition 1996-07-01)]; 1Pncl udi ng nethods for deternining
sizes in the nm neasurenent range. 5Part icularly good printing results are
achi eved on use of pastes conprising powders having particle dianeters in

t he | ower range of about 100 nm anpd if_the other |ngr edi ent s,

especi al | y t hastsipriige Fat § Bhetoéhgﬁﬁ§lﬂt'ﬁﬂl$¥be%$6%¥'s ntefpatietdlsen

opti mally, S'@r@ah%%‘hoﬁlfbr sgarmaratsamnwsoqnsgesmryt EgitioR 1998-02200¢), of 10 to
40 Pas. Prefer eis 8 % e.use eéﬁa%\}ﬁ 10co 05|t|0£s whi ch have a
viscosity in'MHd 'PQHB@H\Ordg&\Oi e{SmMiBNG SlLes i 1RO MG WeIENL 9% ct | v
after printing. The viscosity of the etching pastes described in accordance
with the invention is se f thickeners and ano cal ed a.rtlcles
whi ch Ban 15PBBGArheaSHE RERNG JeaHR aie SrlSVRon B8 Paai paRplEhY
Particul arl yplmér§hamnggoar&slaldlamte?sanlthealwtbnrfangdaef absu‘ozﬁ)t—yl@ﬁ ntrhe

etohi ng past g BieRrSel il @i e AReLEAIOS 8 40 Ratng BrELSLaRf, P 01 ven

to the use of Ir¢h have Vi SCOSI e’ran om 10 to
35 Pas. 20Thenoricsoersi, aye chaseeogtimalys suah thet dyring Bflabkg ithag ulsp@wé\t isdnal
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t enper gt.ure si ng revol utjons ute and
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rot ati onal SWat@sﬁa@léﬁlrémbﬂéﬂ irtinger mnute. The viscosity can be
determ ned nore 25accurately using a cone-and-pl ate rheoneter, for exanple

an instrument from Haake (Haake RotoVisco 1) or Therno El ectron
Cor por at i on. Theowiddasityreat thenetahing heastesrpdesaribedo drat actardanrces heithn  thep

bet ween a ver'?lvefnlrt@}] |§%ré‘? b@nrgwegﬂgo&f)&hﬂ:lkeﬂél%t %nd ﬁaHB%EQEH‘ﬁPﬁ@IESWﬁIEh can .\ o

di stribution € neasurene
cone anlg e. Genvatd dgpendpiaes theadeﬁléemmrofoaipm@a@pm |P@ﬁ%0t(|@$R)gqs>ﬂ t he
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present casepakf®s which have a viscosity in the range from 10 to 35 Pas.

20 The viscosity can be determined using a Brookfield rotational viscometer. For
this purpose, the viscosity curves are measured at room temperature (25°C)
using a spindle (No. 7) at 5 revolutions per minute and the viscosity is
measured under otherwise identical conditions at different rotational speeds
up to 50 revolutions per minute. The viscosity can be determined more

25 accurately using a cone-and-plate rheometer, for example an instrument
from Haake (Haake RotoVisco 1) or Thermo Electron Corporation.

For the measurement, the sample is located in a shear gap between a very
flat cone and a coaxial plate. A uniform shear rate distribution is formed in

30 the measurement gap through the choice of the cone angle. Control takes
place via the number of revolutions (CSR) or the torque (CSS).
Correspondingly, the number of revolutions or torque respectively is
measured. The direct stresses can be derived via force transducers on the

25 drive shaft or on the underside of the cone. In the present case, the

measurement system used was a CP 2/35 system, where the cone has a
diameter of 35 mm and an angle of 2°. For the measurement, a 2.5 g sample



35nmeasur enent system used was a CP 2/35 system where the cone has a

di aneter of 35 mm and an angle of 2. For the neasurenent, a 2.5 g sanple
WO 2011/ WBIBBASTIEP2011/ 002427 is enpl oyed in each cas@CTHRONMISBIOBI ty
curve is measured automatically under m croprocessor control at a
tenperature of 23C with a shear rate in the range 10 - 75 s-1. The average
measur enent value is obtained from 20 neasurenents. The standard val ue
determned is a value at a shear rate of 525 s-1. Correspondi ng nmeasurenent
met hods are described in greater detail in_the standards DI N 53018 and | SO
3210. | fiscemplayed iMeagNsedss-t Yhe MisIRsityGUIe d8 TI§asigd rUiPmoAticalY vent

in the sinplgsdeCiidop bbc%%@btr icontref atNatt@rn e ® lof AFEr with GsHegorgenent s
and/ or ot her 10vi sco

ss1| S astes cording to.the.invertion
shoul d have @evra&sssfé 78 TR aierab b B R insteaaift Reoh@ine Ry 28! - P
during pri ntﬂn@gsutanentsuﬂ’e\easmmbcd waluesdeterrdimedng gvaloeiatga biieahemtasdd

or oper i s, The viathary g Riedshieent Beuious k7 Rle b K gledierteal ¢
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t hat the vi smd.hetsyandxand@sDIMSQO&%ratndllﬁQ&2@@ for a specific conposition.
Sol vents which may be present in the etching nedia according to t he

20i nvention are those selected fromthe group water, isopropano

di et hyl ene glfyissireddthe wigeaihecay peadjusied Pyaditianosgiventsin fhe simplest

1, 2- propanediQde ‘!addlilmrﬁﬁﬂdmbr br@f&ubﬂ'ﬁ@dh@um gbmpehehts and/or other
1, 5- pent anedi ol , eth hexanol m xtures thereof, or solvents

sel ect &8 fr oMSERY yg?%?]%aé? Bt ophenone met hyl 2- hexanone, 2-oct anone,
4- hydr oxy- 4- net hyl - 2- pent anone, 1-nethyl-2- 25pyrrolidone, ethylene glycol

nonobut yl et her, co) r r
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pyrrol i donesghear forces, meaning that the viscosity varies in a certain range for a
specific composition.

Solvents which may be present in the etching media according to the

20 invention are those selected from the group water, isopropanol, diethylene
glycol, dipropylene glycol, polyethylene glycols, 1,2-propanediol, 1,4-
butanediol, 1,3-butanediol, glycerol, 1,5-pentanediol, 2-ethyl-1-hexanol or
mixtures thereof, or solvents selected from the group acetophenone, methyl-
2-hexanone, 2-octanone, 4-hydroxy-4-methyl-2-pentanone, 1-methyl-2-

25 pyrrolidone, ethylene glycol monobutyl ether, ethylene glycol monomethyl
ether, triethylene glycol monomethyl! ether, diethylene glycol monobutyl
ether, dipropylene glycol monomethyl ether, carboxylic acid esters, such as
[2,2-butoxy(ethoxy)lethyl acetate, propylene carbonate, in pure form or in the
form of a mixture or mixtures which comprise both solvents from the first

30 group and also from the second group.

Especially preferred solvents are water, alcohols or pyrrolidones.

The etching media according to the invention usually comprise solvents in an
amount of 10 to 90% by weight, preferably in an amount of 15 to 85%, most
preferred in an amount of 20 to 35% by weight, based on the total amount of

35 the medium. '



The etching nedia according to the invention usually conprise solvents in

an anount of 10 to 90% by weight, preferably in an anmount of 15 to 85%

nost pr efworet/ism3an anount of 20 to 35% by wei ght, bas®dTaP2011002401 al

amount of 35the medium WO 2011/ 157335PCT/ EP2011/ 002427 - 12 - Besi des

conpositions according to the present in{@ntion may conprise additives

sel ected fromthe group consisting of antifoans, thixotropic agents,

fl owcontrol agents, deaerators and adhesi on pronoters, which may be

present in an anmount of fromO to 2% by wei ght, based on the 5 total.
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physi cal and m cal properties during etching. Besides the novel etching
paste, the present invention also relates to a process for the selective
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t he etching |on S b t fter
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range from higher abo but at a tenperature
200C. BRe t empopedance Wikh 8 edshing ﬁtructtuaﬁgeas\huseﬁqf@@ay qrdvéOdheCaJeas

encasi ng of L,Rgh8t &livfAse RASWRIGN@tching is desired. In a preferred embodiment
the deposition of the etching paste is accomplished by screen printing

using a specially designed screen. Particularly suitable for the
application of etching compositions of the present invention are printing

25 stencils. Immediately when the etching paste is in contact with the
surface to be printed it is activated by the exposure to energy radiation,
preferably by UV or IR radiation or directly by heat. If a stencil is used

for the printing step, this exposure/thermal step can occur before or

after the stencil removal when the etching composition is applied to the

30 surface to be etched. After the selected exposure time of some seconds
up to several minutes, preferably of about 5 seconds up to 5 minutes,

the etching medium is removed again. Usually the etching step takes

place at a temperature in the range from higher than 70°C to about
140°C, but at a temperature lower than 200°C. The temperature has to

35 be in a range which leads to a quick encasing of the etching paste and



WO 2011/ 157335PCT/ EP2011/ 002427 - 13 - allows the etching at a sufficiently
high rate. Most preferred is a tenperature of about 90 C Usual ly the
exposur e WOB11aAnR@3Penper at ure i nduced by irradiati on or Ph#aiP28denEAts on
the application, desired etching depth and/ or edge sharpness of the etch
structures. After the exposure time and-AaBter etching, the etching medium
is rinsed off with water or another solvent or with a solvent m xture. 10
The etching nedia according to the invention can be used in production

processes in sem conductor. technol ogy,  high-performn | ectroni cs or
di spl ay nanufBewsr thetsiching gt o@uﬁk‘%&'\e@y el'ﬁgét f%ﬁ-chB ' €%r'St Br
etching siligQApstatuas @F aisltl@yecs. . 15 Thus, the present invention
provi des the user with a new class of etching conpositions that enabl es

patterning highly resolved fine features of Iess than 40 mcrons, even down
to 10 mi cr onglsaallg e | empos2isSitime dritk tersperaturehindercedi by inpadiatien awcleati ng

to thegi nventli I 1 ChL L i

 mpr oved et cHPRGMSY o e b FRIBH bEsr{irateh Y] dEpReai/BEERse SRAMASS of |
has al so bectheeelsbssirugteraso print and etch desired structures closer
together. This neans that space is gained on the surface and smaller

features may be produced. 25 In Fi 1 and 2 inproved etching.resulfs are
shown. Wi | e'A1ﬁ|¢fﬁi‘%}?Xﬂoﬁ"?atyﬁﬁta’@fgﬁ%’ﬁtg]?'ggdg‘ﬁg‘rptpg'”&mﬁd%ﬁ %nﬁ%ﬁJOﬁn etch
pattern i s shgwwater @r adofthensolventhatvith aseeapmigtiuréan actual honpgeneous
reprodgg)ti on of an etched pattern of a test layout in I TO of 150 nm

t hi cknes's. The m crographs of Fig. 2 30show clearly that the designed

f eat ur es and Tthieeefdhamg evled @satceidimg d6 thedoventi@mcanede emkedziedp msuation as
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Thus, the present invention provides the user with a new class of etching
compositions that enables patterning highly resolved fine features of less

than 40 microns, even down to 10 microns or smaller.

20 Since the use of the etching pastes according to the invention in the
semiconductor manufacturing process enables improved etching profiles with
better flank steepness to be achieved, it has also become possible to print
and etch desired structures closer together. This means that space is gained
on the surface and smaller features may be produced.
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In Fig. 1 and 2 improved etching results are shown. While in Fig. 1 a layout
of feature details of a sample for an etch pattern is shown, Fig. 2 shows a
photomicrograph of an actual homogeneous reproduction of an etched
pattern of a test layout in ITO of 150 nm thickness. The micrographs of Fig. 2

30 show clearly that the designed features and the planned resolution of about
10um are realized as well as the steepness of the etched structures.

The present description enables the person skilled in the art to use the
invention comprehensively. If anything is unclear, it goes without saying that

35 the cited publications and patent literature should be used. Correspondingly,
these documents are regarded as part of the disclosure content of the



WO 2011/ 157335PCT/ EP2011/ 002427 - 14 - present description and the
di sclosure of cited literature, patent applications and patents is hereby
i ncor por WORohyIsFBFerence in its entirety for all purpo®€EI/EPZHAN0IRTL er

understanding and in order to illustrate the invention, exanples are given
bel ow which are within the scope of protdédtion of the present invention.
These exanples also serve to illustrate possible variants. OnMng to the

general validity of the inventive principle described, however, the
exanpl es are not suitable for reducing the scope of protectjion of the
present 10applaseat desctiriiammand the gifclospre of eite@ fiteratuse, RAteEhappliGatigns

exanpl es_ar ega Waentshis ferélly indbiaaiBY By esfeferitiet iRt ertgtyfor bt t he person
skilled in the art that, both in the exanples given and also in the

remai nder of PYHROS&Sscription, the conponent ampunts 15 present in the paste
conpositions always add up to a total of 100% by wei ght, or by vol une based

val ues Scoun dr Bl ERer e RErBind BdCACORerad RAHERE B! fhvafHER prarialec”
Exanple 1 28(eCgiean |halmabwblcha§tes)wr§wn Ahevseopepkbqntadtionaet the present
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st ep- b%-stepégohé(}et h%/)ltgne ga|13/00|) di acryl ate is added together with the
35i ni tidtor BRPUCEICD thithgse alone.
The temperatures given in the examples are always in °C. It furthermore
goes without saying to the person skilled in the art that, both in the examples
given and also in the remainder of the description, the component amounts
15 present in the paste compositions always add up to a total of 100% by
weight, or by volume based on the composition as a whole, and cannot go
beyond this, even if higher values could arise from the percentage ranges
indicated.

20
EXAMPLES

Example 1
25 (Cross-linkable Paste)

50 % (v/v) phosphoric acid (concentrated 85%)

30 % (v/v) Dl water

19,8 % (v/v) poly(ethylene glycol) diacrylate (575 g/mol)
30 0,2 % (viv) Darocure 1173

For the preparation of the formulation phosphoric acid and water are mixed
together stepwise while cooling. The phosphoric acid solution is stirred and
step-by-step poly(ethylene glycol) diacrylate is added together with the

35 initiator Darocure 1173.



WO 2011/ 157335PCT/ EP2011/ 002427 - 15 - Exanple 2 (Cross-1linkable Paste)
48,5 % (v/v) phosphoric acid (concentrated 85% 528,0 % (v/v) D water 18,7
% (v/v) pPpEDRIBEY13y33éne gl ycol ) diacrylate (575 g/ nol) 0, PCREPINNOIIAT ocur e
1173 4,6 % (v/v) Fumed silica 10The preparation of the etching fornul ation
is carried out as disclosed in Exanple 4'and then funed silica is added
whil e vigorously stirring. Exanple 3 (Cross-linkable Paste) 15 50 % (v/v)
phosphoric acid (concentrated 85% 20 % (wW v) polyvinyl pyrrilidone (PVP,
29000 g/ nmol) 23 % (w v) carbon black 5% (w v) poly(ethylene glycol)

di net hacryl agXampla2pvA, 1134 g/ nol ) 202% (v/v) Darocure 1173 or Lanberti
SMB08 The PVfErossdinksbleveasten two-thirds of the phosphoric acid by repeated
vi gorous shaking and ultrasonication steps. U trasonication heats the
solution to at |east 50C, although tenperature is not controlled. The

remai ni ng 2586sphowv)cphosphorc aciddcomcatitsded 86%)he PEG DVA. Care is taken

to ensgre 530 9 (viv) DI water
18,7 % (v/v) poly(ethylene glycol) diacrylate (575 g/mol)
0,2 % (v/v) Darocure 1173
46 % (viv) Fumed silica

10 The preparation of the etching formulation is carried out as disclosed in
Example 1 and then fumed silica is added while vigorously stirring.

Example 3
(Cross-linkable Paste)

15

50 % (v/v) phosphoric acid (concentrated 85%)

20 % (w/v) polyvinyl pyrrilidone (PVP, 29000 g/mol)

23 % (w/v) carbon black

5 % (w/v) poly(ethylene glycol) dimethacrylate (PEG-DMA, 1134 g/mol)
20 2 % (v/v) Darocure 1173 or Lamberti SM308

The PVP is dissolved in two-thirds of the phosphoric acid by repeated
vigorous shaking and ultrasonication steps. Ultrasonication heats the solution
to at least 50°C, although temperature is not controlled. The remaining

25 phosphoric acid is used to dissolve the PEG-DMA. Care is taken to ensure
the solution temperature does not rise above room temperature to prevent
polymerization. The solutions are then mixed followed by the addition of the
initiator and carbon black by mechanical stirring. As before, the solution
temperature is controlled such that it does not rise above room temperature.

30

Example 4
(Multi-phase Paste)

50 % (v/v) phosphoric acid (concentrated 85%)
35 25 % (w/v) polyvinyl pyrrilidone (PVP, 29000 g/mol)
25 % (vlv) polyoxyethylene (20) stearyl ether (Brij S20 or Brij 78)



the solution tenperature does not rise above roomtenperature to prevent
pol yneri zation. The solutions are then m xed foll owed by the addition of

t he initisOap1ans@3sar bon bl ack by mechanical stirring. RETHEPR@NMI242Te
solution tenperature is controlled such that it does not rise above room
tenperature. 30 Exanple 4 (Milti-phase-fste) 50 % (v/v) phosphoric acid
(concentrated 85% 3525 % (w v) pol yvinyl pyrrilidone (PVP, 29000 g/ nmol) 25
% (v/v) pol yoxyet hyl ene (20) stearyl ether (Brij S20 or Brij 78) WO

2011/ 157335PCT/ EP2011/ 002427 - 16 - The PVP is dissolved in the phosphoric

aci d by repehte® VR odisgelvedinthe pharpheroArd Ry EReairRd WEOrays r asoni cat i on
Qﬁat > t ,hesg gét}rtrihgmltfrﬁs@iicé?mbycﬁt%au?ﬂaeaﬁmghoﬁ PBBE BleUsdtuticn BPbt ms$ roll gd.
e Brij Is. added in its e rm.angd vigorou xing,is. perforne
by vor t oxi ngSi SRR HEGRe BB IS BRCCoMER oo 881 7 544 ¥ dad i
Exampl e 5 (Melted-folrasmdPagormuslibidingas(penigrmutbisy hortexingand, Wrerckeighlyat ed
85% 20 % (v/v) N-ne . riki.do MP) 20 % (v/v) poly(ethylene glycol)
di met hacryl aY'éz?ﬁﬂéﬂége(%fS%ﬁW'% \glltﬁ\r/‘%rj‘\lBrij S20 15The formul ation is m xed
as in Exanple 4 followi ng addition of the NW to the phosphoric acid.

Exanpl e 6 (E’%H@@gase Past e)
(Multi-phase Paste)

10 20 % (v/v) phosphoric acid (concentrated 85%)
20 % (v/iv) N-methyl pyrrilidone (NMP)
20 % (v/v) poly(ethylene glycol) dimethacrylate (1134 g/mol)
40 % (v/v) Brij S20

15 The formulation is mixed as in Example 4 following addition of the NMP to
the phosphoric acid.

Example 6
(Multi-phase Paste)
20
33 % (v/v) phosphoric acid (concentrated 85%)
67 % (v/v) Brij S20

Liquid-phase Brij S20 is added to the phosphoric acid and mixed by
25 vortexing and then mechanically.

Example 7
(Multi-phase, Cross-linkable Paste)

30 48 % (v/v) phosphoric acid (concentrated 85%)
20 % (w/v) PVP (29000 g/mol)
5 % (w/v) poly(ethylene glycol) dimethacrylate (1134 g/mol)
25 % (v/v) Brij S20
2 % (viv) Darocure 1173 or Lamberti SM 308
35



20 33 % (v/v) phosphoric acid (concentrated 85% 67 % (v/v) Brij S20

Li qui d- phase Brij S20 is added to the phosphoric acid and m xed by

25vort exiwg 2andisrisen nechani cally. Exanple 7 (Ml ti - phase/EPaioss24? nkabl e
Paste) 3048 % (v/v) phosphoric acid (concentrated 85% 20 % (w v) PVP
(29000 g/ nol) 5% (W v) pol y(ethyl ene glytétr) dinethacrylate (1134 g/ nol) 25
% (v/v) Brij S20 2% (v/v) Darocure 1173 or Lanberti SM 308 - 17 - M xing
is perforned as in Exanple 3, with the Brij S20 replacing the carbon bl ack.
Exanple 8 5(Milti-phase, Cross-linkable Paste)_ 30 %(vq/%%_ hosphoric acid
(concent r at eMi@BY4s BEHPRNGY asdn FamRIe Shavith the B K¢ F‘glﬂéﬁ &a[br(4

g/ mol) 60 %gmeN) Brij S20 102% (v/v) Darocure 1173 or Lanberti SM 308

Example 8
5 (Multi-phase, Cross-linkable Paste)

30 % (v/v) phosphoric acid (concentrated 85%)
8 % (w/v) poly(ethylene glycol) dimethacrylate (1134 g/mol)
60 % (v/v) Brij S20

10 2 % (v/v) Darocure 1173 or Lamberti SM 308

Mixing is performed as in Example 3, with the Brij S20 replacing the carbon
black and without the PVP.

15
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M xing is perforned as in Exanple 3, with the Brij S20 repl acing the carbon
bl ack and wi thout the PVP. 15 20 25 30 WD 2011/157335PCT/ EP2011/ 002427 -
18 - Whatwp=o0tl&rased 1. Etchi ng paste conprisi ng conpon®cT&Peuitoedske f or

t he encasing of a contained etchant. 2. Etchlng paste according to claim 1,
wherein the encasing of the applied etchil®g conposition is induced by
irradiation with light, heat or another energy source. 103. Etching paste
according to clainms 1 or 2, wherein the encasing is induced after applying

t he etching conposition onto a sur . ed whereas sinultaneously
the etching step is activated. %ﬁ glci@'ﬁgg]e according to one of the
clains 1 to 3 where the conpol5nents suitable for the encasing are present
in a concentration.of between about hi aste accordl ng
Lo one_of thb cEINAS paSls SOMRERBS, smeeTRTS sitadle Pt i &%43% RE8ncasi ng
are present in eomtairehétchanbn of bet ween 20about 1 - 50% 6. Etching paste
accordisng to one of the clains 1 to 5 where the conponents suitable for the

encasi ng are present in a concentration of between about 5 - 20% 25 7.
Et chi ng past 2. aEtahing pgsteoacerrdiig tonelaion i wherein theseneasipgiof the) appliesher (s)

and/or crossling hﬁ@ecoﬁ@be%ﬁqs e Wé@i‘tﬁ%norﬂhﬁﬁ'haht W2 abfHey! ene,

acrylate, nethacyla | am de, acrylonitrile, vinyl acetate or other
vinyl, styrene, eaﬂEQYti’rﬁlHPe(dl tri, etc) which may be contained as 30such
or as m'xtures 8 Et chi ng paste accordi ng to one of the clainms 1 to 7,

conpri §Kng ermal n|t|ator conpati bl e hth ri sing nononer (s
np %Qross in %gg paseaccordlng toc |ms?or2 ereln encasing | (s)

and/ or
induced after applying the etching composition onto a surface to be
etched whereas simultaneously the etching step is activated.

4. Etching paste according to one of the claims 1 to 3 where the compo-
15 nents suitable for the encasing are present in a concentration of between
about 1 - 70%.

5. Etching paste according to one of the claims 1 to 4 where the compo-
nents suitable for the encasing are present in a concentration of between
20 about 1 - 50%.

6. Etching paste according to one of the claims 1 to 5 where the compo-
nents suitable for the encasing are present in a concentration of between
about 5 - 20%.

25
7. Etching paste according to one of the claims 1 to 6, comprising
monomer(s) and/or crosslinker(s), selected from the group: olefin, diene,
acetylene, acrylate, methacylate, acrylamide, acrylonitrile, vinyl acetate
or other vinyl, styrene, and thiol (di, tri, etc) which may be contained as
30 such or as mixtures.

8. Etching paste according to one of the claims 1 to 7, comprising a
UV/thermal initiator compatible with the comprising monomer(s) and/or

crosslinker(s).
35



WO 2011/ 157335PCT/ EP2011/ 002427 -19- 9. Etching paste conprising tw or
nore phases and a surfactant in a concentration sufficient for

st abi | i zaWDa@A11615733he t wo or nore phases. 10. Et eRTAF2pa®02327
according to clainms 9 wherein the surfactant is present in a 5concentration
of between about 1 - 90% 11. Etching padPe according to one of claims 9 or
10 wherein the surfactant is present in a concentration of between about 10
- 80% 1012. Etching paste according to one of the clains 9 to 11 wherein
the surfactant is present in a concentration of between a Oltlt 15 - 75%
13. Etchi ng BasEichieg BAaiePTBIBING WO &I APIHRsPBAES 3¢ avﬁﬁ’é%& LIRS

surfactant conpghs@sntadtidreasficiene farfstalsilizatibnogiithkiteonsrirabie phased.eophi lic
noi ety, or a 15fluorophilic noiety, or a conbination thereof. 14. Etching
paste conprising two or nore phases, a surfactant in a concentration
sufficient fo0. Etaling paatd accarfiingte ¢clamod whareinghasssfactant is orgrandin 8

sui tablse for thgoﬁégﬁﬁé't[bg] BEb&vxfe%'ﬁté"’dcgﬁdl egghant. 20 15. Etching paste
0 e C ,

according to on ains 1 to 1l conprising inorganic particles in a
concentration sufficient to increase the thixotropy of the etching paste.

2516. Et chi ng{pggdiin @%@f@he@omgcioaérﬁe dbclaties © drh WREFIRME sDABeRAL L i cl es
are present in a conctentration of tch past e accordi ng

: . 1 - éO% a%q? Elc
to one of the clsPmesenbingg CPRCGRERPN ALPEMGEGARW IRt i cl es are present
in a concentration of between about 301 - 50% 18. Etching paste according
to one,qf the,.clains 15 to_17 er he | porganic P i cles are present
1 o cdflcent 13 FBEY PasiS.aErotI B o7 ob B A5 o 1BAIMBRLIER e
2011/ 157335PCT/ ER&adtahd B2pEsent f0a coneentitin ofpgtasen atvmdridi Ngd%o one of
the clains 15 to 18, conprising funmed silica, carbon black, or a

conbi nation thereof. . , _
13. Etching paste according to one of claims 9 to 12, wherein the surfactant

comprises at least one of: a hydrophilic moiety, an oleophilic moiety, or a
15 fluorophilic moiety, or a combination thereof.

14. Etching paste comprising two or more phases, a surfactantin a
concentration sufficient for stabilization of the two or more phases; and
components suitable for the encasing of a contained etchant.

20

15. Etching paste according to one of the claims 1 to 14, comprising
inorganic particles in a concentration sufficient to increase the thixotropy
of the etching paste.

25 16. Etching paste according to claim 15 where the inorganic nanoparticles
are present in a concentration of 1 - 70%.

17. Etching paste according to one of the claims 15 or 16 where the
inorganic nanoparticles are present in a concentration of between about
30 1-50%.

18. Etching paste according to one of the claims 15 to 17 where the
inorganic nanoparticles are present in a concentration of between about
5 -20%.
35



20. Etching paste according to one of the clains 1 to 19, conprising
5phosphoric acid, ferric chloride, oxalic acid, tartaric acid, hydrofluoric
aci d, sulywburigisassd, nitric acid, acetic acid, or a coRbiIIFRRIM0242ETr eOf .
21. Method for the etching of silicon, silicon dioxide, or indiumtin oxide
surfaces, characterized in that the etchd®t is encased to forma gel after
10t he application of the etching conposition onto the surface to be etched.
22. Method according to claim 21, wherein the encasing of the etchant is

i nduced by irradiation with Iight or heaft 1523. g@t h?g according to claim
21, wherein 19eEtahing pagteorcearding:torpig of theigRimseto 1y e%@Pﬁ?'UggUWuced
removal of a sodjyedtcdrbomMbAadiv@r a combidatipn siedreent system 20 25 30

20. Etching paste according to one of the claims 1 to 19, comprising
5 phosphoric acid, ferric chloride, oxalic acid, tartaric acid, hydrofluoric
acid, sulphuric acid, nitric acid, acetic acid, or a combination thereof.
21. Method for the etching of silicon, silicon dioxide, or indium tin oxide
surfaces, characterized in that the etchant is encased to form a gel after

10 the application of the etching composition onto the surface to be etched.

22. Method according to claim 21, wherein the encasing of the etchant is
induced by irradiation with light or heat.

15 23. Method according to claim 21, wherein the encasing of the etchant is
induced by temperature-induced removal of a solvent from a two- (or
more) solvent system.
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